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Foam injection is one of the available Enhanced Oil Recovery (EOR) techniques in 
recovering the residual oil saturation after the application of the secondary recovery 
techniques. Foam injection makes use of the presence of the foam in the reservoir. In 
the case where gas is injected without the presence of foam, the mobility of the gas is 
high. This will lead to viscous fingering and gravity override of the gas. With the 
addition of the foam to the gas injection, the mobility of the gas will be low, 
minimizing the intensity of the viscous fingering and gravity override. 
 
The generation of the foam, stability, and the effectiveness of the foam injection will 
be depending on how the foam is being injected into the reservoir. So, the objective 
of this project is to determine the best foam injection strategy. Precisely, we will be 
focusing on the details of the foam injection operation such as the surfactant 
concentration and injection rate along with when the injection to be carried out after 
a period of natural production (primary recovery). 
 
In order to complete this task, we will be using ECLIPSE reservoir simulator to 
simulate the production performance of the reservoir model for several cases of foam 
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1.1 Background of Study  
1.1.1 Enhanced Oil Recovery 
 
There are three stages of oil recovery, primary recovery, secondary recovery and 
tertiary recovery, which are also widely known as Enhanced Oil Recovery (EOR). 
The primary recovery is when the oil flow naturally from the wellbore up to the 
surface due to the natural difference in term of pressure between the two points. In 
this stage, the oil can be recovered is about ten percents (10%) of the total oil in 
place. The secondary recovery takes place when the oil will no longer be able to be 
produced naturally. In this case, pressurized gas or water will be injected into the 
reservoir by injection wells. The reason for this process is to create a high pressured 
reservoir condition to drive the residual oil to the surface. This stage of recovery 
improves the recovery factor to up to forty percents (40%).  
 
 
Figure 1: Oil Recovery Stages [13] 
The EOR stage takes place when the secondary recovery is no longer economical and 
effective. EOR mainly is the injection of different materials in order to improve the 
flow between oil, gas and rock, thus recovering the remaining crude oil. By applying 
the EOR processes, the recovery factor can be further increased to approximately 
fifty percents (50%) to seventy percents (70%).  
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Major type of EOR applications are miscible displacement (injection of hydrocarbon 
gas or carbon dioxide), chemical flooding (alkaline, surfactant, foam, or polymer) 
and thermal recovery (steam flooding or in-situ combustion). In this report, we will 
be focusing on one of the EOR method, which is the foam injection.  
     
1.1.2 Foam Injection 
 
Gas injection is widely used in recovering hydrocarbon for several reasons. 
Availability and low cost to name some. However, due to the low density and high 
mobility of injected gas compared to the oil in the reservoir, the sweep efficiency is 
low and inefficient. The properties of the injected gas will lead to unwanted 
phenomena occurrence such as viscous fingering of the gas through the oil column, 
gravity override where the injected moved to the upper part of the oil column due to 
density and gravitational effect, and the gas flow on the same, least resistance path. 
This effect can somehow be minimize or even nullified by introducing foam into the 
injection system.  
 
There are generally two uses of foam in the oil recovery process. Firstly, the foam 
will help in improving the sweep efficiency by reducing the gas mobility. Foam has 
been used to control the gas mobility in the reservoir and eventually improving the 
sweep efficiency by increasing the effective viscosity of the gas and decreasing the 
permeability of the gas. Once the foam has formed in the reservoir, its overall 
mobility is very low. The second function of the foam is for the gas shut off in order 
to reduce the gas/oil ratio (GOR) at the production wells.  
 
Figure 2: Gas Injection vs Foam Injection [1] 
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1.1.3 Injection Strategy 
            1.1.2.1      Surfactant concentration 
 
Surfactant concentration is considered into the scope of the study for this simulation 
because for the generation of foam bubbles to take place, gas phase of high velocity 
needs to come in contact with continuous phase of surfactant in water. The 
dispersion of the gas in the liquid mixture will generate the foam bubbles. So, the 
surfactant concentration is an important parameter that can affect the generation 
intensity of the foam bubbles in the reservoir. The stability of the foam films is 
related to the surfactant concentration. The stability of the foam films is a function of 
the local capillary pressure (destabilizing pressure) and disjoining pressure 
(stabilizing pressure). If the disjoining pressure is higher than the local capillary 
pressure, the foam films will stabilize and becomes stronger. 
 
 
             1.1.2.2      Injection Rate 
 
The foam injection that will be simulated in this project is of co-injection of the 
mixture of surfactant solution and gas. With this co-injection, the foam generation 
will take place nearby the injection well region. Due to this, all the oil nearby can be 
swept away. Co-injection is also best deployed in a reservoir with high heterogeneity 
degree. This is in order to guarantee that the foam bubbles slug will be formed early 
and go through the region intended instead of dispersing away. The injection rate 
here is the rate at which the gas phase will be injected into mixture of surfactant and 
water in the reservoir. The injection rate of the gas will affect the nature of the foam 











 1.2 Problem Statement  
i. Is foam injection really a better injection method compared to gas 
injection in term of oil recovery? 
ii. Which concentration of foam will produce the highest recovery factor at 
economic cost? 
iii. What is the most ideal injection rate of foam injection? 
   
1.3 Objectives 
i. To identify whether foam injection is a better injection compared to gas 
injection in term of oil recovery. 
ii. To find out the best concentration of the foam to achieve the highest 
recovery factor at an economic level. 
iii. To investigate the best injection rate of the foam injection.  
   
1.4 Scope of Study 
 
Simulation 
 The model of the reservoir created will be used for simulation in determining 
the outcome of the foam injection in the reservoir. The model of the reservoir 
will need to be reliable and accurate in order to get reliable simulation results. 
Based on history matching, if the results of the simulations and the data 
available are the same or close, the model is the considered as reliable model.  
 The first simulation will be on proving the effectiveness of foam injection 
compared to the gas. The most effective injection will be decided based on 
the highest total recovery of the oil.  
 The simulation then will simulate the injection of foam at different foam 
concentration. Several value of foam concentration will be simulated to 
determine the most optimum foam concentration value. 
 The final simulation will be on the injection rate. Different injection rate will 
affect the sweep pattern of the foam in the reservoir. The best injection rate 










Since 1900, gas has been used as a mean to drive fluid to improve oil recovery, 
according to Lake (1989). This includes injectants such as steam, carbon dioxide, 
nitrogen, and produced field gas. This has been widely pursued due to low cost 
factor. These injectants, if not readily available, can be obtained at a negligible cost 
compared to any other secondary or tertiary recovery methods.  However, there are 
some limiting factors for the gas application in recovering oil. Shan and Rossen 
(2004) indicate that these factors are low gas density, high gas mobility and reservoir 
heterogeneity. This will eventually lead to one major problem, poor sweep efficiency 
of the oil. 
 
The introduction of foam into the injection process proved to be successful in 
rectifying the poor sweeping efficiency of gas. According to Andrianov et al. (2012), 
the foam may affect the oil recovery in different ways compared to gas injection or 
water-alternating-gas (WAG) injection. In foam injection, the oil displacement 
process is more stable as the viscosity of the displacing liquid will increase due to the 
presence of the foam. The foam also will help the recovery by blocking the high 
permeability zone, diverting the displacing the fluid into the previously unswept 
zone. Furthermore, due to the presence of surfactant in the foam injection, the 
interfacial tension between the residual oil and displacing fluid will be reduced, 
resulting in higher recovery of the oil. Alex et al. (1998) state that foam injection is 
proven to have increased the oil production by 1.5 to 5 times as well as lowering the 
water cut by 20%.  
 
Foam is a liquid mixture gas and liquid where the liquid phase containing surfactant. 
Dispersion of the gas in the continuous liquid phase will generate the foam. Falls et 
al. (1988) and Hirasaki (1989) agree that the continuous liquid phase will be wetting 
the rock while a portion or all of the gas will be made discontinuous by lamellae, 
which are thin liquid films.  
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The liquid films connecting the foam on the grains are the one responsible for the 
continuous structure of the liquid phase. Meanwhile, the discontinuous gas phase is 




Figure 2: Gas behaviour in foam presence [12] 
 
Foam has improved the sweep efficiency by reducing the mobility of gas in the 
reservoir. The concept behind the function of the foam is entrapment of gas bubbles. 
According to Falls et al. (1989), some of the gas bubbles will be trapped by the foam, 
which will reduce the effective gas permeability. Rossen (1996) find that when the 
foam films are created in the reservoir porous media, the flow of the gas is hindered 
significantly. When the natural flow of the gas is restricted, the gas will flow around 
the trapped gas. This will allow the gas to contact the oil that would not been reached 
otherwise. Kovschek and Radke (1994) add that in the presence of foam, the gas 
mobility is largely influenced by foam texture or bubble size. Smaller bubbles reduce 
greater gas mobility compared to larger bubbles. This is because smaller foam 







Foam concentration in the reservoir is directly affected by the surfactant 
concentration. Friedmann et al (1991) have shown that there is certain concentration 
of surfactant needed in order for the generation of foam to take place. The 
concentration is called the minimum surfactant concentration. Aronson et al (1994) 
supported this by stating that the stabilizing pressure will increase as the surfactant 
concentration is increased pass the minimum concentration mark. Apaydin and 
Kovscek (2000) states that foam coalescence forces are inversely proportional to the 
concentration of surfactant. Therefore, as the surfactant concentration decreases, the 
foam weakens and the displacement efficiency suffers. Friedman and Jensen (1986) 
find that by increasing the surfactant concentration, the size of the foam bubble in the 
porous media will be reduced.  
 
The injection rate also affects the foam dynamics strongly. Friedman and Jensen 
(1986) also suggest that at high flow rate, the foam generated will be smaller and 
possess more uniform bubble sizes, thus making the foam more stable compared to 
the foam generated at low flow rate. According to Osterloh and Jante (1992) there 
are two flow regimes exist for foam flow in porous media, the low gas fractional 
flow regime and high gas fractional flow regime. In the first regime, the foam 
apparent viscosity is deemed to increase with the gas rate (independent of liquid rate) 





















3.1 Simulation Model Details 
 
The simulation of the foam injection on the reservoir model is carried out using 
ECLIPSE simulation software. The field selected to be the model of the simulation 
are real field in Malaysia which will be referred as field B in this report. The 
simulation will be conducted on 15x15x10 block model of reservoir. The length and 
width of each block are both set to 100ft. The thickness of each block is set to 20ft. 
this will total up the reservoir model to be 1500ft in length and width and 200ft deep 
in thickness, taking the bulk and pore volume to be 450,000,000 ft3 and 135,000,000 
ft3 respectively. The depth of the top layer is 4200ft into the ground. The fluid 
phases present in the model are oil and water initially. After some time of 
production, as the reservoir model’s pressure will drop, the gas which is initially 
soluble in the oil will be liberated. Therefore, throughout the simulation, the phases 
present would be oil, gas water and foam. The gas-oil contact and oil-water contact 
are 4173ft and 4455ft respectively. The connate water saturation is 12%.   
 
 




In order to not overcomplicate the simulation, some of the reservoir model’s 
parameters will be assumed homogeneous and isotropic. The porosity of the model is 
set to be 30% while. The absolute permeability of each block is set to 50 md. 
 
The PVT data of the fluids are taken from the Field B data available. The densities of 
the fluids were also extracted from the Field B fluid properties along with other fluid 
properties such as the solution gas-oil ratio, formation volume factor, and viscosity. 
The bubble point pressure of the oil is at 1332 psig and the initial pressure of the 
reservoir at a datum depth 4265ft is 1332 psig. The reservoir temperature at the 
datum is determined to be 215F. 
 
For the foam properties such as foam decay rate, foam mobility reduction factor and 
halflife values together with fluids adsorption rate of rock, they are imported from 
ECLIPSE simulator manual. This is because as they are not in the scope of the study, 
their value can be simply taken from past simulation as long they are within the 
range of the possible values.  
 
In order to properly see the pattern of the displacement of the foam bubbles, the 
production and injection wells are placed at the corner of the reservoir model as can 
be seen from the figure above. By placing them at the corner, the distance between 
them will be the farthest therefore the displacement efficiency of the foam injection 
can be evaluated properly. The wellbore diameter is set to be 0.5ft in length, being 













3.2 Simulation Procedures 
 
Before any injection is simulated, the reservoir model is produced naturally for a 
duration of time first. This is to avoid miscalculation of the efficiency of the 
injections simulated due to the primary recovery mechanism. The injection is will 
take place before the reservoir pressure decline below the bubble point pressure. This 
is to prevent the gas dissolved in the oil to be liberated and dominating the 
production instead of oil.  
 
 
Figure 4: Natural Production Pressure Profile 
 
From the figure above, the exact time for the injection to be initiated is before the 
bubble point is reached, which is when pressure starts to decline at slower rate. The 
slower decline rate indicates that gas has been liberated and occupying spaces and 
maintaining the pressure in the reservoir. Therefore, the time for the injection is set 





Bubble Point Pressure 
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The injections then will be simulated as follow: 
 
I. Type of Injection 
a. Gas Injection 
b. Foam Injection 
 
Table 1: Type of Injection Simulation 
No Injection Type 
Surfactant Concentration 
(lb/stb) 
Injection Rate  
(Mscf/day) 
1 Gas Injection - 800 
2 Foam Injection 5.0 800  
 
 
II. Injection Surfactant Concentration 
a. 1.0 lb/stb 
b. 5.0 lb/stb 
c. 10.0 lb/stb 
d. 15.0 lb/stb 
 
Table 2: Surfactant Concentration Simulation 





1 Foam Injection 1.0 800 
2 Foam Injection 2.5 800 
3 Foam Injection 5.0 800 
4 Foam Injection 10.0 800 






III. Foam Injection Rate 
a. 500 Mscf/day 
b. 600 Mscf/day 
c. 700 Mscf/day 
d. 800 Mscf/day 
e. 900 Mscf/day 
f. 1000 Mscf/day 
 
 
Table 3: Injection Rate Simulation 





1 Foam Injection 5.0 500 
2 Foam Injection 5.0 600 
3 Foam Injection 5.0 700 
4 Foam Injection 5.0 800 
5 Foam Injection 5.0 900 


















































ECLIPSE foam injection simulation 
VARIOUS INJECTIONS 
Gas Injection vs Foam Injection 
DATA GATHERING 
Rock properties, fluid properties, and 
production data  
End 
FOAM INJECTION 
Injection Pattern, Foam 
Concentration, Injection Rate 
EVALUATE RESULTS 
(Oil Production Rate, Total Oil 








































Dimensions (blocks, well, tables) unit, 
date, phases present 
GRID  
Dimension geometry, rock 
properties (porosity, permeability) 
PROPS  
Pressure & saturation properties of 
reservoir fluids & rocks (rel. 
permeability, capillary pressure, 
compressibility) 
REGIONS 
Divide grid into regions for 
computational process 
SOLUTION 
Define initial state for every grid block 
(pressure, saturations & compositions) 
SUMMARY 
Define variables to be written into 
Summary files after each 
simulation (Oil production, GOR, 
Pressures, Saturations) 
SCHEDULE 
Specify operations to be simulated 




3.5 Gantt Chart 
 
 






RESULTS AND DISCUSSIONS 
 
Based on the simulations that have been conducted as stated in methodology section, 
the results obtained are as follow:  
 
4.1 Type of Injection 
a. Gas Injection 
b. Foam Injection 
 
 
Figure 6: Natural Production (no injection) 
 





Figure 8: Foam Injection 
 
The figure 8, 9 and 10 above are the simulated reservoir model for natural production 
(no injection operation), gas injection, and foam injection after 12 years, 
respectively. The movement of the injected fluid are form the injector (left corner) to 
the producer (right corner). For this part, we are going to compare the sweep 
efficiency of the gas and foam injection. As can be seen from the figures above, the 
sweep efficiency of the foam injection in figure 10 is the better of the two. For the 
gas injection in figure 9, gravity segregation has become more significant and 
dominant, resulting in gravity override. The same can be said with foam injection, 
although the degree of the gravity override is not as severe as in gas injection. This is 
due to the presence of the foam bubbles in the reservoir, reducing the mobility if the 





Figure 9: Graph of Oil Production Rate vs Time 
 
Referring to the figure above, natural production, gas injection and foam injection 
curves are represent by green, blue and indigo line respectively. After the injection 
period, the oil rate from gas injection increase sharply, only to drop severely after a 
short while. In the case of foam injection, it can be considered more stable and 
producing at a higher rate for a large portion of time when compared to gas injection. 
The recovery rate over time figure above indicates that the foam injection is the 
injection method that can achieve the highest production rate after the primary 
recovery stages, upstaging gas injection. 
 
 




Figure 10: Graph of Oil Recovery Factor vs Time 
 
From figure 12, we can see the recovery factor for each of the case. After 20 years, 
the recovery factors for natural production, gas injection and foam injection are 
15.7%, 21.0% and 34.6% respectively. Therefore, foam injection will be able to 
record additional 18.9% of oil recovery only by the addition of surfactant into the gas 
injection operation. By looking at the trend, it is highly probable that the recovery 
factor will keep on increasing over time. Therefore, it is proven that the foam 
injection will be able to record higher production of oil compared to gas injection, by 







Start of Injection Period 
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4.2 Surfactant Concentration 
a. 1.0 lb/stb 
b. 2.5 lb/stb 
c. 5.0 lb/stb 
d. 10.0 lb/stb 
e. 15.0 lb/stb 
 
 
Figure 11: 1.0 lb/stb concentration 
 




Figure 13: 5.0 lb/stb concentration 
 
Figure 14: 10.0 lb/stb concentration 
 
Figure 15: 15.0 lb/stb concentration 
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The figures above are what the sweep pattern looks like after 18 years of foam 
injection. Based on the figures above, there is not much difference in the sweep 
pattern between the 5.0 lb/stb, 10.0 lb/stb and 15.0 lb/stb. This may indicate that 5.0 
lb/stb is the optimum concentration for the foam injection. For the 1.0 lb/stb and 2.5 
lb/stb concentrations however, the foam injection may not be as effective as the 5.0 
lb/stb concentration.  
 
 
Figure 16: Graph of Oil Production Rate vs Time 
 
From the graph above, it can be seen that the higher the concentration, the higher the 
resultant oil production rate. The 15.0 lb/stb concentration records the highest oil 
production rate, almost reaching 1000 stb/day mark. However, the higher the 
surfactant concentration, the more intense the oil production rate after some time as 
can be seen from the 5.0 lb/stb, 10.0 lb/stb and 15.0 lb/stb curves. 




Figure 17: Graph of Pressure vs Time 
 
From figure 18, the pressure of the reservoir at the respective surfactant 
concentration can be determined. The pressure profile gives the ability to screen the 
surfactant concentration. As the initial pressure of the reservoir is 1869 Psia, the 
resultant pressure from the foam injection that record higher pressure than the initial 
reservoir pressure is deemed to not be suitable and feasible. This is because to avoid 
reservoir and formation fracture due to high pressure region created during the 
injection. However, if we are to allow 500 Psia additional pressures that can be 
handled by the reservoir, we can consider a lot more option in the foam injection 
strategy. Therefore, for this simulation, we are going to assumed that the reservoir 
can handle the 500 additional pressures on top of the initial reservoir pressure. With 
the assumption, we will exclude any injection that exceeds 2369 Psia resultant 
pressure. So, based figure 18, we will exclude 15.0 surfactant concentrations from 
the possible selection of the best surfactant concentration. 




Figure 18: Graph of Oil Recovery Factor vs Time 
 
As 15.0 lb/stb concentration is no longer an option, the best surfactant can only be 
either 5.0 lb/stb or 10.0 lb/stb. By referring to figure 20, we can see that there is little 
to no difference between the recovery factor value of the 5.0 and 10.0 lb/stb. This 
suggests that in order to carry out an optimum and economic injection operation, 5.0 
lb/stb surfactant concentration should be carried out, because the amount of 









Start of Injection Period 
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4.3        Foam Injection Rate 
a. 500 Mscf/day 
b. 600 Mscf/day 
c. 700 Mscf/day 
 
 
Figure 19: 500 Mscf/day 
 
Figure 20: 600 Mscf/day 
d. 800 Mscf/day 
e. 900 Mscf/day 





Figure 21: 700 Mscf/day 
 




Figure 23: 900 Mscf/day 
 
 
Figure 24: 1000 Mscf/day 
 
The figures above are the sweep pattern of the foam injection at different rate after 
15 years of injection. As can be seen, the higher the foam injection rate, the better the 





Figure 25: Graph of Oil Production Rate vs Time 
The injection rate of 500 Mscf/day, 600 Mscf/day, 700 Mscf/day, 800 Mscf/day, 900 
Mscf/day and 1,000 Mscf/day are represented by green, blue, indigo, pink, yellow 
and black respectively. The oil production rate increases with the injection rate.  
 
 
Figure 26: Graph of Pressure vs Time 
Start of Injection Period 
Start of Injection Period 
31 
 
From figure 27, again the pressure profile will be used for screening of the foam 
injection strategy. By allowing 500 permissible additional pressures that can be 
sustained by the reservoir on top of the initial reservoir pressure (1869 Psia), 900 
Mscf/day and 1000 Mscf/day can be excluded from the consideration.  
 
 
Figure 27: Graph of Oil Recovery Factor vs Time 
 
With only 500 Mscf/day, 600 Mscf/day, 700 Mscf/day and 800 Mscf/day up foe 
consideration, we will look at the recovery factor to make the final decision. They 
are illustrated by the green, blue, indigo and pink line respectively in figure 28 
above. As shown by the graph above, the oil recovery from injecting the foam at 800 
Mscf/day are the highest, followed by the injection at 700 Mscf/day, 600 Mscf/day 
and finally 500 Mscf/day. As 800 Mscf/day injection are not ruled out as unrealistic, 















Based on the objective stated at the beginning of the report, the conclusions are as 
follow: 
 
i. In term of oil recovery, foam injection is proven to be better than gas 
injection.  
ii. The concentration of the surfactant for the foam injection that will produce 
the highest recovery factor at an economic level is 5.0 lb/stb. 
iii. The most ideal and realistic injection for the foam injection is found out to be 
800 Mscf/day. 
 
Therefore, by considering all the parameters tested in the simulation, the best foam 
injection strategy would be injecting the foam at 5.0 lb/stb surfactant concentration at 
800 Mscf/day.      
5.2 Recommendations 
 
From the simulation carried out, it can be seen that the foam injection have the 
potential to be among the best EOR methods to be carried out. The only setback is 
the elimination of the foam bubbles over time. The decay rate of the foam bubble are 
the function of foam bubbles half-life and adsorption by the rock. From the 
parameters mention, it can be said that the effectiveness of the foam injection are a 
function of time and length of the reservoir. Therefore, in order to improve the 
effectiveness of the foam injection, we can either apply the foam injection for 
smaller reservoir or by reducing the well spacing (increase the amount of injectors 
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